A study was conducted to investigate subgingival plaque formation on two types of dental implant material in the human oral cavity. Fifteen teeth affected by severe periodontitis and scheduled for extraction in five patients were selected. After thorough root planing, inlay cavities were prepared from the gingival margin to 5 mm subgingivally. Then, rectangular test specimens (polycrystal aluminum ceramic (P), single-crystal aluminum ceramic (S)) or a control dentin specimen (D) were installed in gold inlays, which were placed in the inlay cavities and left for 3, 7 or 21 d. As a consequence, 4 mm of the surface of each specimen was exposed to the environment of the periodontal pocket. After each test period, the specimens were removed from the inlays and examined by scanning electron microscopy (SEM).
Introduction
Recently, various types of dental implant material have been used as abutments for prostheses used in the treatment of tooth loss. Brännemark et al. [1] obtained outstanding clinical results with osseointegrated root implants in a long-term follow-up, controlled study. However, some implants have to be removed frequently due to clinical symptoms such as gingival bleeding on probing, increased probing depth, suppuration and pain, similar to those seen in periodontitis around natural teeth. The initiation and progression of periodontitis-like breakdown around implant tissue remains to be elucidated and extensively investigated [2, 3] . However, it seems likely that plaque accumulation around the dental implant transgingival area initiates gingival inflammation and leads to supportive tissue loss.
As bacterial plaque accumulation and qualitative changes in plaque affect the onset and progression of periodontitis, the microflora around healthy and failing titanium implants has been examined by a differential microscopy to identify bacterial morphotypes [4] and by culture to identify bacterial species.
In Japan, the most popular dental implant materials are single-crystal and polycrystal aluminum ceramics. However, to our knowledge, no studies of subgingival plaque formation on these two implant materials have been published. Therefore, we conducted the present study in order to observe sequential subgingival plaque formation on single-crystal and polycrystal aluminum ceramics in human subject using scanning electron microscopy (SEM).
Materials and Methods

Subjects
Five systemically healthy patients (males, aged 39 to 45 y ), who had been referred to the Department of Periodontology, Nihon University School of Dentistry, participated in the study. They all had at least three single-root teeth scheduled for extraction because of severe periodontal disease in the maxilla. The surface of test specimen before oral exposure 2) Oral exposure for 3d Scattered cocci, rods, and small colonies of cocci were present on the S specimens (Fig. 3A) . A thick plaque layer composed of cocci, rods and filamentous bacteria covered the surface of the P specimens (Fig.  3B) . Monolayers of cocci were observed on the D specimen surface, and occasionally scattered rods were present on the coccoid colonies (Fig. 3C ).
3) Oral exposure for 7d On the S specimens, a monolayer of cocci and scattered rods were present (Fig. 4A ). On the P and D specimens, mature plaque, comprising cocci, rods, and filamentous bacteria, had formed (Figs. 4B,C) . A thin layer of plaque in which cocci were still the dominant bacteria, had formed on the S specimens (Fig. 5A ), whereas thick, mature plaque covered the P and D specimen surfaces. The number of filamentous bacteria and aggregated cocci and rods attached to the thick filamentous bacteria had increased dramatically (Figs. 5B, C) . Spirochetes and curved rods were encountered frequently (Figs. 5D, E) . Discussion Dental implants have been used for over 30 yr for completely edentulous and partially edentulous patients. However, some implants have to be removed due to several complications. One major reason for fixture loss has been shown to be destruction of supportive tissue (peri-implantitis), similar to the periodontal breakdown that occurs around natural teeth [2, 3] .
Within days, plaque accumulation on implant surfaces induces an inflammatory reaction, leading to destruction of the implant supportive tissue [6] . Therefore, the subgingival microflora around healthy and failing implants has been examined [4, 5] . That around healthy implants was found to be identical to that of healthy natural teeth, whereas that around failing implants showed increased numbers of microorganisms considered to be periodontal pathogens. In studies that examined subgingival bacterial microflora by determining the bacterial morphotypes and identifying then using culture techniques, the bacteria accumulated around pure titanium osseointegration implants. However, in Japan, the materials most widely used for implants are aluminum ceramics, and there are very few reports about the supra-and subgingival microflora around such implants. Therefore, we investigated the sequential subgingival plaque accumulation and gingival inflammation on aluminum ceramic in vivo, using the inlay method developed by Konno [7] . However, this method involves inserting a foreign body into the subgingival area, which may irritate the periodontal tissue. During the 7-w experimental period, no detrimental symptoms, such as pocket deepening, bone loss, or abscess formation and exacerbation, were observed.
During the experimental period, the least supragingival plaque accumulation was observed on S specimens, compared with those on D and P specimens, in each subject.
Ueki [8] reported that the different surface roughness of P and S influenced the attachment of S. mutans and A. viscosus in vitro. Such differences may explain the plaque accumulation on S, P and natural teeth in vitro. The subgingival plaque observed on the S specimens comprised coccoid cells throughout the experimental period, whereas that on P specimens comprised cocci, rods, and filamentous bacteria and, furthermore, spirochetes, which are considered to be intimately involved in periodontal disease.
The results of this study suggest that the quantity and quality of accumulated plaque on S specimens are more favorable to periodontal tissue than that which accumulates on P specimens.
Conclusions
The present results indicate that many bacteria considered to be periodontal pathogens accumulate on implant surfaces. 1) Subgingival plaque on the S specimens comprised coccoid cells throughout the experimental period. 2) Subgingival plaque on the P specimens comprised cocci, rods and filamentous bacteria and, at day 21, spirochetes were observed frequently. 3) From the standpoint of subgingival plaque formation, it is evident that S is a more suitable material for dental implants than P.
